General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



* 


- 1 - 


% 


THE DIAMETER OF 88 THIS8E FROM ITS OCCULTATIOM OF SAQ 187124 

R. L. Minis, L. H. Wasserman, 0. G. Franz, N. M. White, and E. Sowell 
Planetary Research Center, Lowell observatory. Flagstaff, Arizona 86002 

A. Klemola 

Board of Studies In Astronomy and Astrophysics, Lick: Observatory, University of 
California at Santa Cruz, Santa Cruz, California 95064 

R. C. Elliott, w. G. Smethells, and p. m. Price 
Casey Observatory, Department of Physics and Astronomy, University of 
wisconsin-Eau Claire, Eau Claire, Wisconsin 54701 

C. p. McKay and c. Steele 

Sommers -Bausch Observatory, Department of Astro-Geophysics, 

University of Colorado, Boulder, Colorado 80309 

E. Everhart and E. M. Everhart 

Chamberlin Observatory, Department of Physics, University of Denver, 

Denver, Colorado 80208 < 

s 

NU2-3328& 

\ 

U nclas 
267b? 


(N»SA-CF~16 r 31 2 ) 


' H ~ D! J “ 0? 99 OHISBF 


FFOM II? OCCULT/TION CF S»C (Lowell 


Observatory) p HC Al2/* r *01 


CSOL n 3A 


AUG 1 ro 2 

RECEIVED " 4 

NASA sn FACILITY o/ 
ACCESS DEPT. ‘ V 

S' 


0,3/69 


PAGE 2 


Abstract 

The 7 October 1981 occultation of SAD 187124 by 88 
Thisbe was observed at twelve sites. The occultation 
observations, together with information about the 
asteroid's light curve, gives a mean diameter for Thisbe 
of 232 10 km. This value is 10 oercent larqer than the 
Dreviously published radiometric diameter of Thisbe. 


Introduction 

On 7 October 1981, the asteroid 88 Thisbe occulted 
S AO 187124, a 9th-magnitude star in Saqittarius. This 
occultation, originally oredlcted by Taylor (1981), was 
observed in the United States at twelve sites between 
Wisconsin and Utah. in this paper we discuss the 
observations and derive the diameter of Thisbe. 

Observations 

Taylor's (1981) prediction of the 7 October 
occultation, based solely on the catalog position of the 
star and the published eohemeris of Thisbe, gave a ground 
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track falling across western Canada. However, olates 
take 1 on 27 September 1981 witn the 0.5-m Carnegie Double 
Astrograoh on Mt. Hamilton yielded a more southerly trade 
stretching from southern California to the Great Lakes 
(see Fig. la). An additional plate taken with the same 
telescope on 4 October 1981 gave a similar ground track 
(Fig. lb), as did plates taken with the 1.55-m 
Astrometric Reflector at the Flagstaff Station of the U. 
S. Vaval Observatory on 6 October 1981 (Fig. lc). The 
plates from Mt. Hamilton were measured relative to a 
reference frame defined by stars chosen from the Perth 70 
catalog. The USNQ olates were measured relative to a 
network of fainter stars whose oositions were determined 
from the Mt. Hamilton plates. It is evident from 
inspection of Fig. i that the three predicted ground 
tracks agree to within approximately one-half the width of 
the track. The corresponding uncertainty in the predicted 
geocentric angular separation of the star and asteroid at 
closest approach is only 0.07 arcsec. 

At the time of the occultation, Thisbe was expected 
to have a visual magnitude of 11.8, while SAO 187124 is 
nearly three magnitudes brighter. consequently, the 



PAGE 4 


change in brightness of the merged star-asteroid image at 
immersion and emersion would be large# maxing this 
occultation easily detectable ' y visual observers. 
Assuming a diameter for Thisbe of 214 k’m as given in the 
TRIAD file CBowell, Gehrels# and Zellner 1979)# the 
maximum duration of the occultation was expected to be 9.9 
seconds. Thisbe's shadow would move along the ground 
tracK from west to east. 

The occultation of SAD 187124 was observed at th.* 
first twelve sites listed in Table I. The coordinates and 
altitudes of the sites are given in columns 3, 4# and 5. 
The observed times of immersion and emersion are noted in 
columns 6 and 7 along with the observers' estimates of the 
uncertainty in the absolute timing in column 8. Names of 
the observers are given in the footnotes to the taole. 
The observations at Circleville, Utah; Otter CreeK 
Reservoir# Utah; and Eau Claire, Wisconsin, were made 
photoelectrically. All others were visual. 

Telescopes used for these observations ranged from 
the 0.6-m reflector at sommers-Bausch Observatory to 
relatively small portable instruments. The photoelectric 
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observations from Clrclevllle and Otter Creek Reservoir 
were made with 0.35-m Celestron telescopes especially 
equipped for use at remote sites. Figure 2 shows a 
tracing of the occultation light curve recorded with one 
of these systems near Otter Creek Reservoir. In addition 
to the real-time strio chart disolay shown in Fig. 2, the 
data are recorded on magnetic taoe for later digitization 
at nigh time resolution. The times listed in Table I for 
Otter Creek and Circleville were determined from the 
digital data. The photoelectric observations at Eau 
Claire were also made with a 0.35-m Celestron telescope. 
Pulse counting electronics givinq 50 m sec integrations 
with 0,5 m sec dead time between integrations were used. 


Analysis 

The basic method of analysis employed in this oaoer 
has been discussed in detail by wasserman ej; al . (1979) 
and Minis and Elliot (1979). In essence, each observed 
time of immersion or emersion defines a DOint on the limb 
of the asteroid. The asteroid's apparent limb profile is 
then reoresented by a circle or. If the data warrant, an 
ellipse fitted by least squares to all the observational 



PA SE 6 


points. In this way the effective diameter of the face of 
the asteroid seen at the time of the occultatlon can be 
derived. The occultatlon result can then be combined with 
Information about the asteroid's brightness variation with 
rotation and asoect to give the best possible estimate of 
its overall mean diameter. 

we have plotted in Flq. 3 the chords across Thisbe 
which one derives If the observed times of Immersion and 
emersion In Table I are taKen at face value. The solid 
lines represent photoelectric observations? the visual 
observations are indicated by dashed lines. Note that all 
the visually determined chords are displaced westward 
relative to the Dhotoeiectr lc chords. Displacements In 
this direction Imply that the visual observers reported 
times which were systematically late relative to the 
photoelectric times, as would be expected if response time 
corrections were not made or were underestimated. 

while the observed times of Immersion and emersion 
reported by a visual observer are subject to significant 
systematic error, the elapsed interval between the two 
tlmes--that is to say, the duration of the occultation--is 



determined much more accurately. Therefore, the visual 
chords In Fig. 3 are lifcely to have very nearly the 
correct lengths, but they are displaced laterally (l.e., 
in time) from their proper positions. Consequently, In 
our least-squares solution for the best-flttlnq circular 
limb profile of Thlsbe, we have Included the response 
times of individual visual observers as free parameters. 
This aooroach has the effect of allowing the visual chords 
to slide oarallel to the photoelectric chords. Other free 
parameters in the solutions are the asteroid's diameter 
and corrections to the right ascension and declination of 
Thisbe. we have arbitrarily assumed that all positional 
error is in Thisbe's ephemeris. The resulting solution Is 
illustrated in Fig. 4. All observations were given equal 
weight in the solutions. The best-fitting circular limb 
profile has a diameter of 221.8 ♦ 1.4 Km, while the 
resulting corrections to right ascension and declination 
are -0.051 + 0.00003 sec and -0.799 + 0.0013 arcsec, 
resoectively . The diagonal line across the bottom of the 
figure indicates the constraint placed on the solution by 
photoelectric observations at Erwin FicK Observatory near 
Boone, Iowa, which showed no occultatlon (Beavers 1981). 
Other negative photoelectr ic observations were recorded 
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.somewhat further south of the track at Lowell Observatory 
and Braeside Observatory in Flagstaff, Arizona, and at the 
Mt. Wilson Observatory (see Table I). To our knowledge, 
no observations, either photoelectric or visual, were made 
north of the track. 

The resDonse time corrections determined for each of 
the visual observers from the least-squares solution are 
listed in column 9 of Table I. They range from just over 
2 seconds at Chamberlin Observatory, where clock error may 
have been a problem, to slightly less than 0.3 sec at 
Sommers-Bausch Observatory, where wwv time signals and the 
observers' resDonses were recorded simultaneously on an 
oscillographic recorder, ignoring these two extreme cases 
and removing the personal equation corrections already 
aDplied to the Cheyenne and Cambridge observations, we 
obtain a mean resoonse time of 1.1 seconds. while . this 
value is larger than one might have expected, it is less 
than that determined from visual observations of the 
occultation of AG + 0 # 1022 by Juno (Millis e_t ajL_. 1981). 

The last two columns of Table I contain the radial 


residuals (observed 


minus comDUted radius) for the 


PAGE 9 


solution shown In Figure 4. These values yield an rms 
residual per degree of freedom of 3.5 km, similar to the 
results obtained for other well-observed stellar 
occupations by asteroids (wasserman et jal. 1979* Millis 
_et, ap 1981 ) . 

The actual occultation trade as determined from our 
analysis is shown in Fig. 5. Sites where the occultation 
was successfully observed are marked by filled circles; 
barred circles denote sites where photoelectric 
observations show that no occultation occurred. The 
predicted tracks shown in Fig. 1 depart from the actual 
track by no more than one-half the width of the track. 

Discussion 

c 

Our analysis of the occultation observations has 
qiven a value of 221.8 t 1 4 km for the diameter of that 
face of Thisbe seen at the time of the occultation. The 
quoted standard error, however, reflects only the formal 
uncertainty in fitting a circle through the shifted data 
points. The true uncertainty in the diameter is larger 
because of the effects of errors in the observed durations 
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and because the true limb profile may depart from a 
circle. 

The magnitude of the errors in the observed durations 
can be evaluated by comoaring results from oDservers near 
the same chord. For the visual observers one finds In 
these Instances a peak-to-oeak scatter of about +,0.25 sec, 
giving a mean chord length which Is accurate to Detter 
than 2 percent. The photoelectric chords have 
significantly less uncertainty. Consequently, we estimate 
that tne observational errors can be fully allowed for by 
Increasing the quoted formal uncertainty by no more than a 
factor of two. 

The more serious source of error, and one that is 
difficult to evaluate precisely, is the possibility that 
the true limb profile departs markedly from a circle. 
Observational coverage of Thisbe's southern hemisphere was 
quite limited during the 7 October occultation. 
Obviously, the existence of large limb Irregularities in 
that region cannot be ruled out. We do note that in the 
region well covered by the observations (see Fig. 4), 
limb Irregularities have scales of only a few kilometers 
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comparable to those seen on other well-observed large 
asteroids (Wasserman Si* 1979? Millis .ej al . 1931), 

Another possibility to be considered is that the limb 
profile may be elliotical rather than circular, we nave 
not presented a fit of an ellipse to the data because, in 
our opinion, the data do not have sufficient coverage of 
the asteroid to distinguish meaningfully between an 
ellipse and a circle. If one does fit an ellipse, 
however, the observations from .Cheyenne and Cambridge near 
the northern edge of the track: and the negative result 
from Erwin FicK Observatory constrain the effective 
diameter fVah) of the ellipse to fall within 3 percent of 
the diameter derived from the circular solution. 

As has been mentioned earlier, the diameter derived 
from the occultation pertains only to the f c ce of Thlsbe 
seen at the time of the occultation. in order to derive 
an overall mean diameter, one must assess the variation in 
the asteroid's aoparent cross-section with rotation ..id 
aspect by inspection of the object's light curve. In the 
case of Thisoe, the available data are limited. Scnoper, 
Scaltriti, and Zaop^le (1979) from observations on four 
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nights In 1977 found the brightness of Thlsbe to vary with 
a period of 61*0422 and a full amplitude of 0.19 nag. 
Photometry by J. w. young at Table Mountain Observatory 
on 23 October 1981 is consistent with these values , 
although a full cycle of the light curve was not covered 
(Harris 19fil). Young's observations , combined with the 
period measured by Schober, Scaltriti, and Zaopala, 
indicate that the 7 October occultation occurred near the 
time of minimum light and, therefore, minimum 
cross-sectional area. At maximum briahtness, assuming a 
light curve amplitude of 0.19 mag, one would expect the 
effective diameter of Thisbs to be approximately 9 percent 
larger than the value determined from the occultation. 
The mean diameter will be near the average of these two. 
Accordingly, we adopt 232 £, 10 *m as the occultation 
diameter of Thisbe where the error has been estimated 
conservatively to allow for the various sources of 
uncertainty discussed above. This value for Thlsoe's 
diameter is 10 percent larger than the radiometric 
diameter quoted by Morrison and Zellner (1979). 

No secondary occupations attributable to possible 
satellites of Thlsbe were reported during the 7 Octooer 
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1981 event. 
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FIGURE CAPTIONS 

Figure i. The predicted ground track; of the 7 October 
1981 occultation of SAO 187124 by 88 Thisbe based on (a) 
plates taken at Lick Observatory on 27 September 1981, (b) 
a plate taken at Lick on 4 October 1981, and (c) plates 
taken at the Flagstaff station of the u. S. Naval 
Observatory on 6 October 1981. 

Figure 2. The light curve of the 7 October 1981 
occultation of SAO 187124 by 88 Thisbe observed near Otter 
Creek Reservoir in central Utah. 

Figure 3. Chords across Thisbe, uncorrected for the 
response times of visual observers. Solid lines represent 
photoelectric observations? dashed lines are chords 
derived from visual observations. Table 1 lists the 
observing sites corresponding to the chords, beginning 
with the northernmost chord. 

Fiqure 4. A circular limb profile fitted by least squares 
to the occultation observations. This solution yields a 
diameter for the face of Thisbe seen at the time of the 
occultation of 221.8 + 1.4 km. The response tiTes of 
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visual observers were Included as free parameters In the 
least-squares solution. The diagonal line near the Bottom 
of the figure represents the constraint placed on the 
solution by negative observations at Erwin Flc* 
Observatory . 

Figure 5. The actual ground trac< of the 7 October 1981 
occultation as determined from the least-squares solution 
shown in Fiqure 4. Filled circles denote sites where the 
occultation was observed. The other symbols indicate 
sites where Dhotoelectric observations showed no 


occultation 
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